Effect of daytime versus nighttime solid set sprinkler irrigation on transpiration suppression and corn yield by Martínez-Cob, Antonio et al.
EFFECT  OF  DAYTIME  VERSUS 
NIGHTTIME  SOLID  SET  SPRINKLER 
IRRIGATION  ON  TRANSPIRATION 
SUPPRESSION  AND  CORN  YIELD
A. Martínez-Cob, J. Cavero, E.T. Medina, 
L. Jiménez, E. Playán, N. Zapata
Est. Exp. Aula Dei, CSIC, Zaragoza, Spain
Suelos y Riegos, CITA, Zaragoza, Spain
INTRODUCTION
INTRODUCTION
Wind drift and evaporation water losses (WDEL)
strongly affect the water application efficiency and
uniformity of solid set sprinkler irrigation systems.
Daytime irrigation:
Negative factors
• Higher evaporative demand: Higher WDEL
• Higher wind speed: Higher WDEL
Lower irrigation uniformity
• Lower water application efficiency and uniformity
• Higher spatial variability of crop yield
 Positive factors
• Reduction of air temperature
• Reduction of vapor pressure deficit (VPD)
• Reduction of transpiration
WDEL could 
partially satisfy 
crop water 
requirements
INTRODUCTION AND OBJECTIVES
Nighttime irrigation
 Positive factors
• Lower evaporative demand: Lower WDEL
• Lower wind speed: Lower WDEL
Higher irrigation uniformity
• Higher water application efficiency
• Lower spatial variability of crop yield
OBJECTIVES
To quantify transpiration suppression during solid set
sprinkler irrigation and its contribution to reduce the
consumptive nature of measured WDEL.
To analyze the effect of nighttime versus daytime irrigation
on crop yield.
MATERIAL AND METHODS
GENERAL CHARACTERISTICS
Two experiments, one for objective.
Corn (Zea mays). Cultivar: Pioneer PR34N43.
Sowing dates: Experiment 1: 26 April 2005.
Experiment 2: 20 May 2005.
Sowing density: 85000 plants ha-1; rows, 0.75 m.
Crop water requirements, weekly. ETc = Kc x ET0.
• ET0, standard weather station over grass (FAO PM).
• Kc, as function of growing degree days.
 Irrigation applied:
Experiment 1 (Transpiration): (ETc – Peff) / (0.85 x 0.90).
Experiment 2 (Daytime vs. nighttime irr.): (ETc – Peff).
• Peff, effective precipitation.
EXPERIMENT 1: EXPERIMENTAL PLOT
EXPERIMENT 1: IRRIGATION TREATMENTS
Weekly 
Irrigation 
number
Daytime irrigation
(starting 13:00–14:30 GMT)
Nighttime irrigation
(starting 2:00–3:30 GMT)
Subplot A Subplot B Subplot A Subplot B
1 Irrigation Irrigation
2 Irrigation Irrigation
3 Irrigation Irrigation
WDEL calculation
- Measurement of water collected in 25 catch cans located in a frame 
(3 m x 3 m)
(Water applied – Water collected in catch cans) 
- WDEL =   
(Water applied)
EXPERIMENT 1: MEASUREMENT OF 
TRANSPIRATION AND ET
Transpiration: Sap Flow - Heat balance method
(Baker & Van Bavel, 1987; Van Bavel, 2005).
4 sap gauges (18-23 mm diam.) at each subplot (Dynamax).
Gauges installed from July 13 until August 25.
Reading frequency: 15 minutes.
Average transpiration: during irrigation events, 1-4 h before
and 1-4 h after irrigation events.
25 irrigation events: 13 daytime, 12 nighttime.
Evapotranspiration: WEIGHING LYSIMETERS.
 Interception losses: ETirrigated subplot – ETnon irrigated subplot
1 h after daytime irrigation events
Up to 2 h after nighttime irrigation events.
EXPERIMENT 2: EXPERIMENTAL DESIGN
Rectangular
18mX18m spacing.
Treatments (start
14 July):
Daytime irrig.
Nighttime irrig.
6 replicates per
treatment
 PLOT: 18m X 18m
2 irrigations per 
week of 4 to 6 h 
duration
Wind speed<3 m/s 
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EXPERIMENT 2: MEASUREMENTS
 Intercepted photosynthetically active radiation (IPAR).
 Plant height.
Grain yield.
Biomass and harvest index (HI).
Soil matric potential (Watermark).
RESULTS AND DISCUSSION
EXPERIMENT 1:
EVAPOTRANSPIRATION REDUCTION
Evapotranspiration (mm h-1)
Case
Daytime irrigation
Irrig. Not irrig. Differ.
During 0.32 0.68 0.35s
A
fte
r
1 h 0.60 0.45 -0.16s
2 h 0.29 0.28 -0.02ns
EXPERIMENT 1:
TRANSPIRATION REDUCTION
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EXPERIMENT 1:
TRANSPIRATION REDUCTION
Transpiration (mm h-1)
Case
Daytime irrigation Nighttime irrigation
Irrig. Not irrig. Differ. Irrig. Not irrig. Differ.
During 0.24 0.73 0.49s 0.02 0.04 0.02s
A
fte
r
1 h 0.42 0.54 0.12s 0.02 0.10 0.08s
2 h 0.41 0.40 -0.01ns 0.17 0.26 0.08ns
EXPERIMENT 1: BALANCE OF LOSSES (mm)
DAYTIME IRRIGATION (8 irrigation events)
Date Applied 
water
Gross 
WDEL
Transp. 
reduction
Net 
WDEL
Inter-
ception
NET 
LOSSES
14 Jul 19.9 4.0 1.10 2.9 -0.1 2.8
18 Jul 21.2 4.5 1.40 3.1 0.3 3.4
25 Jul 22.2 2.0 1.76 0.3 0.3 0.6
29 Jul 23.1 3.4 1.54 1.8 0.0 1.8
02 Aug 17.4 3.6 0.91 2.7 0.1 2.8
11 Aug 22.3 5.9 1.18 4.7 0.0 4.7
15 Aug 18.1 2.1 1.09 1.0 0.4 1.4
22 Aug 16.8 4.6 1.17 3.4 0.5 3.9
SUM 161.0 30.1 10.2 19.9 1.5 21.4
NIGHTTIME IRRIGATION (6 irrigation events)
SUM 126.9 8.0 0.3 7.7 0.7 8.4
EXPERIMENT 1: BALANCE OF LOSSES (%)
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EXPERIMENT 2: IRRIGATION APPLIED
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EXPERIMENT 2: GROWTH AND YIELD OF CORN
Plant 
density
Height IPAR Biomass HI Yield
nº/ha m % t/ha t/ha
MEAN
Daytime irr. 78,874 2.72 95.2 20.5 b 0.56 13.2 b
Nighttime irr. 78,785 2.77 95.9 22.9 a 0.56 15.1 a
P< 0.05
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EXPERIMENT 2: SOIL MATRIC POTENTIAL
Daytime irrigation Nighttime irrigation
20 cm 60 cm 20 cm 60 cm
July - 35 - 31 - 34 - 21
August - 49 - 45 - 49 - 46
Septembre - 32 - 34 - 26 - 36
Mean monthly soil matric potential depending on irrigation 
time (kPa)
EXPERIMENT 2: SOIL MATRIC POTENTIAL
CONCLUSIONS
CONCLUSIONS
Daytime irrigation REDUCED transpiration by 67%
(0.49 mm h-1) during the irrigation period and by
22% (0.12 mm h-1) in the following hour.
Nighttime irrigation produced qualitatively similar
results (quantitatively, reduction almost regligible).
 Irrigation during the day resulted in gross WDEL of
18.7 % and total net losses of 13.3 %.
 Irrigation during the night resulted in gross WDEL
of 6.3 % and total net losses of 6.6 %.
Application efficiency at daytime irrigation was
higher than expected from gross WDEL.
CONCLUSIONS
 Plant density at harvest, height, intercepted
radiation and harvest index of corn were not
affected by the time of irrigation.
Grain yield was 14% higher and total biomass was
12% higher when corn was irrigated at night.
The higher corn yield obtained with the nighttime
irrigation was related with a higher soil water
content.
